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ABSTRACT
Central Washington University partners with Boeing and is funded by the Joint Center of
Aerospace Technology Innovation (JCATI) to develop a mechanism that takes carbon fiber wing
trimmings from Boeing that are resin coated and recycles carbon fiber. This is done by crushing
the wing trimmings and then putting it into a 500°C oven to melt off the resin. This project
focuses on the enclosure for the oven and making sure precautions are met such as having the
outside surface be less than 45c through heat transfer analysis, argon fills enclosure in 13
minutes through fluid dynamics analysis, and 99% of the resin is removed through
thermodynamics analysis. This is done by using a thermocouple to measure the temperature,
candles and stopwatch to measure time to fill the enclosure, and a scale to measure the change
in weight as the resin is removed. The design that meets these criteria has two 20-gauge steel
sheet enclosures that fit within each other, and in-between is 2-inch mineral wool insulation.
This was manufactured using a CNC plasma cutter and welding. Overall, the outside surface
measured to be 75 °C, 25 °C more than what was predicted. The candle blew out in 7 minutes, 6
minutes below than predicted. Finally, the change of mass between before and after the carbon
fiber was in the oven showed to have a of 20% resin removal which was based on the
calculated mass flow rate.
Keywords: carbon fiber, recycle, enclosure, oven
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1. INTRODUCTION
a. Description
As commercial aircraft wings get replaced these wings end up going to the landfill since there is
no way to remove the resin of the wings to reuse the carbon fiber. The project is funded by
JCATI and is sponsored by Boeing which has different colleges and universities to solve this
issue. Trimmings of the wings are sent to the colleges, and they must be able to crush, shred
and remove the resin of the shreds with heat. This process would be able to help reduce the
amount of waste going into landfills as well as reduce the cost of materials since carbon fiber
can be used to create new wings.

b. Motivation
This project was motivated by the need for a device that would be able to recycle carbon fiber
from commercial aircraft wing trimmings so that it can be used for new purposes. With the
oven, it should be able to heat the resin off the wings and the enclosure should reassure that
heat remains steady and there is no leakage of gas or heat.

c. Function Statement
The enclosure must contain the heating and pyrolysis unit.

d. Requirements
For the environmental aspects of the oven, it needs to meet the following criteria.
1. The surface temperature of the outer shell shall be no greater than 45C.
2. The inner temperature shell is allowed to exceed 500C.
3. The oven should remove 99% of the resin from the plastic.
4. The purging of gas needs to be less than 10 scfh.
5. The leakage should be directed to the fume hood.
6. The oven should allow for a conveyor belt to pass through it.
7. The O2 level inside the shell is less than 5%.
8. The weight should be less than 75lb.
9. The time to fill the enclosure should be less than 5 minutes.
10. The oven should heat up and cool down in 30 minutes.
11. The life cycle should be at least 10 000 hours.
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e. Engineering Merit
This project will be able to apply heat dissipation, fluid dynamics, and thermodynamics. With
heat dissipation, it should be able to find the material and time it takes to maintain the heat
and have the outer surface be at a certain temperature by using the heat conduction and
thermal resistance equations. With fluid dynamics, it should be able to measure the gas leaving
and entering and the amount of oxygen in the system by using the Bernoulli equations. With
thermodynamics, it will measure the mass flow rate of resin and argon to find the amount of
resin and argon being removed from the system.

f. Scope of Effort
This project will include only the environmental aspects of the oven.

g. Success Criteria
The oven was able to remove the resin from the plastic.
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2. DESIGN & ANALYSIS
a. Approach: Proposed Solution
For the environmental aspect of the oven, it should be able to maintain an inside heat of 500°C
while having an outside temperature of 45°C. To do this an enclosure will be made so that it is a
closed environment so that the argon gas stays in the system. This system should be able to
remove up to 99% of all resin from the carbon fiber shreds.
Table 1: Decision Matrix for Material Used for Enclosure

b. Design Description
The current design is to have the enclosure made from a 20-gauge Steel sheet that is 0.036
inches thick to make the inner and outer shell. In between the steel sheet enclosures, there is a
high-temperature insulator that will help do most of the temperature difference

c. Benchmark
Compared to other industrial ovens this oven will take up the same design with metal shells and
a thick high-temperature insulator. What makes this design better than those in the market is
that this enclosure will have argon go into the system, which needs to be a closed system, while
having an open concept of a belt moving through the oven/enclosure.

d. Performance Predictions
The enclosure will be able to maintain the inside at a steady temperature of 500°Cand have an
outside temperature of 45°C. This device will be able to remove 99% of the resin from the
carbon fiber shredding. It will also maintain a less than 5% oxygen level while having an opening
for the conveyor full of shredding to come in.

e. Description of Analysis
To figure out the thickness of the material to support both T∞1, T∞2, and T2 the following
equations were used to find the R values at each state of the material as well as the rate of heat
transfer. Ri=Rconv,1 = 1/ h1A; Rsteel = L/kA; Rtotal=Rconv1 +Rsteel +Rconv2; Q= (T∞1-T∞2)/Rtotal
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f. Scope of Testing and Evaluation
There will be a thermometer inside of the enclosure to measure the inside temperature as well
as an oxygen meter to measure the percentage of oxygen. On the outside, there will be another
thermometer measuring the outside temperature of the enclosure. Both should read at a ± 5c
from the required temperature. There will also be an oxygen meter on the inside indicating the
levels of oxygen so that argon leakage can be measured. Lastly, to measure the removal of the
resin there the carbon fiber shreds will be weighed before and after.

g. Analysis
Requirements to support an application of engineering to the project are temperature, size,
and weight. Some types of analysis that will be used and the heat transfer formulas of
convection and radiation. The design parameter that will be obtained from the analyses is the
dimensions and shape of the enclosure.
Finally, these parameters will be documented in the technical drawings as the device is
rendered.
i. Analysis 1
For the environmental aspect of the oven, it should be able to maintain an inside heat of 500°C
while having an outside temperature of 45°C. This encloser should also be a closed
environment. In doing such the enclosure has to be made of a certain material and thickness to
have a temperature change. A couple of solutions could be made with these criteria but a
solution of1/8-inch-thick steel shells (inner and outer) and 2-inch mineral wool with an r-value
of 8 was selected. These calculations are enclosed in Appendix A1 and show that this system
gives a surface temperature of 49°C. This is within an acceptable range since calculations are
made in an ideal setting.
ii. Analysis 2
Steel is a heavy material despite it being thin. It is important that anyone can easily place and
remove the enclosure without straining or causing any plausible harm. The requirement is to
have the enclosure be less than 75b. The inner of the enclosure has six sides that are sized 14.5
in x 16.5 in x 16.5. The drawing for one side of the enclosed is in Appendix B and the analysis is
in Appendix A2. This analysis showed that one side weighs 8.35lb, making the whole inner
enclosure exactly 50lb. The outer enclosure has a dimension of 20.5in x 18.5 x 20.5 in making
each side 13.46lb and the whole enclosure including cut-outs is 63.43lb. The outer shell is in an
acceptable range to be lifted.
iii. Analysis 3
In order to meet the requirement of making sure that there is a 99% resin removal from the
oven, an analysis of the mass flow rate of the resin was made. Assuming that the amount of
resin is 1kg, the mass flow rate is 217.9 kg/s. Based on the amount of time that the resin spends
in the oven using the mass flow rate, a change of mass can determine the removal of resin.
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iv. Analysis 4
In order to know the amount of leakage in the enclosure the mass flow rate of argon needs to
be determined first. Using Bernoulli’s principle for flow analysis the mass flow rate of argon was
determined to be 0.00058 kg/s. These used values for regulated pressure that are calculated in
Analysis 9 are also shown in Appendix A-9. The full calculations are found in Appendix A-4
v. Analysis 5
Using the mass flow rate of argon from Analysis 4 the time to fill the enclosure can be
determined. Using the volume flow rate, it was determined it will take 3 minutes to fill the
enclosure. This meets the requirement that the enclosure should be filled up in under 5
minutes. These calculations are found in Appendix A-5 and drawings 1, 2, and 5 in Appendix B.
vi Analysis 6
In order to construct the heating elements and conveyor belt, different elements such as bolts
and braces need to be used. To select the proper items that can undergo the environmental
conditions a heat analysis of the enclosure needs to be made. Using the information from
Analysis 1 it was found that T3 was 50 °C and T2 was 470.17°C. This gave the temperatures of
the sides of the gap of the enclosure to find the different distances a slope was made and a
table of different distances and their temperature was made. This analysis will help with finding
parts to construct the enclosure. These calculations are found in Appendix A-6.
vii Analysis 7
The oven needs to have a conveyer belt that runs through the enclosure creating a 12in x 3in
hole on both sides. The requirement is that the leakage of the argon cannot exceed 10 scfh.
Using Bernoulli’s analysis and information from Analysis 4, it was found that the velocity of the
argon exciting was 1.09 m/s or a volume flow rate of 0.5m3/s (63566.4 scfh). Since the volume
flow rate is way above the required flow rate a cover must be added to the holes in order to
meet all requirements. These calculations are found in Appendix A-7 and drawings 1,2 and 5 in
Appendix B.
viii Analysis 8
Using the information given from Analysis 7 a vinyl cover/strip cover will be used to reduce the
area of the hole in order to reduce the mass flow rate of argon exiting. It was found that the
vinyl cover must be 12inx 1 31/32in leaving 1/32 of clearance between the cover and the 1in
thickness for the conveyor belt. This led to having the mass flow rate reduced to 0.000043 kg/s
or a volume flow rate of 0.000076 m3/s (9.66 scfh) which is within specs of the requirement of
10scfh of argon exiting. These calculations are found in Appendix A-8 and the drawing for the
part is in Appendix B-7.
ix Analysis 9
In order to operate the argon cylinder, a pressure regulator is added to control the flow of
argon into a system. In order to find the mass flow rate of argon (analysis 4) and eventually the
time it takes to remove argon from the system, a regulated pressure must be calculated as
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shown in Appendix A-9. The calculations for a G/G2 argon cylinder were made and rearranging
a mass flow rate equation the pressure regulated was found to be 6.5 Pa in an 8hr workday.
x. Analysis 10
Based on the calculations from Analysis 9, time to remove all argon from the system can be
made. Appendix A-10 shows that after rearranging a mass flow rate equation the time to
remove all argon from the inner enclosure takes 2.19 minutes. This is within the range of
requiring the enclosure to remove all argon in 5 minutes.
xi Analysis 11
To meet the requirements of cooling down the oven in 30 minutes a Newton's Law of cooling
equation was used to calculate the estimated time the oven will cool to about room
temperature, 21C. This equation showed that it will take 21 minutes to cool the oven with a
tolerance of + 10 minutes since k was an assumed value based on research and not a known
value.
xii Analysis 12
To meet the requirements of a life cycle of 10 000 hours a creep value was determined by
Nickle Institute for 538 C. Steel is able to withstand 24 ksi for 10 000 hours before rupturing at
that temperature. When compared to home ovens those last for 15 years or 10 950 operating
hours. Thus, it was determined that the enclosure should withstand 11 000 hours of operation.

h. Device: Parts, Shapes, and Conformation
The shape of the enclosure was designed to be a cube because it will fully cover the cubic shape
of the oven as well as have more accurate calculations for the thermal convention of the
device. Having the calculations for the thermal convection more accurate overall makes the
device safer because it meets the requirements of having an outside temperature of 45C which
is safe for human touch.

i. Device Assembly
The enclosure will be welded together at the corners of the steel plates. This allows for no heat
or argon to escape the enclosure from any holes or inconsistencies in the material.

j. Technical Risk Analysis
Many of the values were used to make calculations for heat analysis as well and flow rates were
assumed based on research made. This can lead to having different values when tested in the
real world. This can lead to a few safety issues such as having too much argon flow out of the
enclosure or having the enclosure be too hot to touch even though calculated values showed
that it was safe. This risk is considered so extra material of the mineral wool and the vinyl
covering so that it can be adjusted to meet all requirements. Also, when assembling and
manufacturing the enclosure there is limited knowledge of welding and the CNC thus, there will
be some issues and risks that will be brought up during assembly.

12

k. Failure Mode Analysis
When materials are under high heat for an extended period of time the structure a material can
change. If this happens deformations can happen. This enclosure will not be under any load
besides thermal. If any failure happens then it can compromise the safety of those around them
such as touching a hot surface or having large exposure to argon gas.

l. Operation Limits and Safety
Some safety aspects are that the outside of the enclosure cannot exceed over 45C due to
burning aspects. Also, the weight of the encloser cannot exceed over 100lb so that it can be
safely lifted. Lastly, there needs to be a limited amount of leakage of argon gas into the
atmosphere.
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3. METHODS & CONSTRUCTION
a. Methods
This project was conceived, analyzed, and designed at CWU. Working with the constraints of
the university resources and the budget of the project that was funded by the JCATI program.
Parts will be bought from different distributors and manufactured and assembled using
university resources. These bought parts will be made of a 20-gauge steel sheet for the
enclosure, 2-in mineral wool for insulation (which was chosen with a decision matrix), and a
heat-resistant vinyl sheet to cover the conveyor hole. To assemble and manufacture the parts it
will undergo a decision matrix to show what the best option will be.
i. Process Decisions
Appendix F-1 shows a matrix for deciding how holes/steel sheets will be cut. The options
included power tools, laser cutter, and CNC plasma cutter. The main criteria are based on its
availability, knowledge of the equipment, and the accuracy of the device. With those factors in
mind, they were weighted differently in order of risk. Knowledge of the equipment leads to the
most risk, so it was weighted 3 times the usual. Availability is the next one with the most
possible risk, so it was weighted 2 times the usual. Finally, the accuracy was also weighed 2
times the usual since not having accurate cutes can lead to misalignments in assembly which is
a potential risk. Thus, the matrix showed that using a CNC plasma cutter was to be the best
option and the laser cutter and power tools fell shortly after.
Appendix F-2 shows a matrix for deciding how to assemble the encloser. The options included
spot welding, power tools, and welding paste. Spot welding showed high points in accuracy,
availability, and efficiency. What made this a less viable option compared to power tools is the
knowledge of using the equipment since the project engineer has not taken the welding class at
the university and is not verified to use the equipment. Even with this lack of knowledge in
welding, it showed to be the best choice for the assembly process over power tools and welding paste.
From Appendix F-3 and Analysis 1, a material selection- 2-inch mineral wool was selected on
the requirement of keeping 500C inside and 45C surface temperature. From the matrix, it
showed that the major factors that it was chosen were its heat resistance and the high R-value
that it had. These two components were crucial to the analysis and are the main reason it
became the number one contender for material selection. These two components were also
weighted the most in the matrix because of their importance to the analysis and if either of the
components then it would not be a suitable material for the application. For the
polyisocyanurate insulation, had a high R-value but would melt/catch on fire at 500C this was
the same circumstance for the thermal blanket. The other component of the matrix was the
thickness, the mineral wool was 2 in thick which was not the most suitable compared to the
thermal blanket that was 1 inch thick. This component was weighted on a scale of one since the
thickness was not a crucial part of the analysis and was only considered to keep the enclosure
smaller and easier to handle. Since this component was not weighted as heavily it made
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mineral wool the best material to select compared to the thermal blanket and the
polyisocyanurate insulation.

b. Construction
i. Description
The construction of the device will be broken off into two sections, the manufacturing of the
steel plates and the assembly of the parts. The assembly is broken off into three sections, the
inner, outer, and middle of the enclosure. These sections indicate what the parts are and how
they are assembled. In total there are 9 20-000 drawings that are needed to assemble the
project. These parts will be gathered from different suppliers, and they will be manufactured
using the CNC at CWU. Parts for the inner and outer enclosure (20-001 – 20-004) will be made
of 48in x 96in 20-gauge steel sheets. Using the CNC plasma cutter and other machines in the
foundry the metal will be cut and bent into the desired shape. Using a spot-welding technique,
the gaps will be sealed and will make the assembly 10-001 and 10-002. For parts 20-005 to 20008 for the insulation, a bought piece of 2in x 48in x 24in mineral wool sheet and cut to size
using cutting devices such as scissors or knives. Assembly of these parts for 10-003 does not
need any extra manufacturing processes but instead will lay in between the gaps of the inner
and out enclosure (20-001 and 20-002).
ii. Drawing Tree, Drawing IDs
Appendix Bi, Figure 13 includes a drawing tree with all sub-assemblies and the parts it requires.
The sub-assemblies include Enclosure-Inner, Enclosure Outer, and Enclosure-Middle and they
will be complete in that order. Enclosure-Inner needs to be completed first so that team
members on the Oven conveyance and Oven Heating input their assemblies into the Inner
Enclosure. After that, the outer enclosure needs to be made before the Enclosure Middle since
the Enclosure Middle rests between the other two systems and thus needs to be done last. The
drawing tree then lists all major parts that are labeled as 20-000
iii. Parts
Appendix C lists all parts that will be used in this project. The sheet metal will be bought at a
size of 48”x 96” since it is able to fit both 10-001 and 10-002 when laid flat. Then the CNC
machine will be used to cut out all needed holes and outline the flat sheet metal drawing as
shown in Appendix B Figure 19 and Figure 20. Using tools from the machine lab the sheet metal
will be bent and welded in its desired shape and size. This will be done first for parts 20-001 and
20-002 for the inner enclosure and the same for 20-003 and 20-004 for the outer enclosure. To
assemble 10-003 the insulation mineral wool is also bought but will be cut down to size, and
appropriate holes will be cut out of them also shown in Appendix B sections 5, 6, 7, and 8 (20005 to 20-008). The vinyl roll is also bought but will be modified so that it will fit over the
conveyor belt hole and the sizing of the cut is shown in Appendix B section 9. With all these
parts manufacturers they can be assembled to create the final assembly 10-004.
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iv. Manufacturing Issues/Risks
Potential risks for manufacturing of the parts come from lack of training on the CNC plasma
cutter as well as potential manufacturing equipment such as the welding facility and the plasma
cutter. Another is the large supply of the metal needed to complete the enclosure and how
quickly it can arrive as well as assembly parts that are needed to progress through the project.
Also, the CNC and other manufacturing equipment can be broken during winter quarters or can
be unavailable because of the increased use of the equipment or it has a lack of opening hours.
v. Discussion of Assembly
Based on the way purchased parts arrived parts from different assemblies were created. Part
20-009 or the flaps of the enclosure were manufactured first from the outer encloser subassembly. Then the insulation parts 20-005 to 20-008 were manufactured and they came from
the middle enclosure sub-assembly. Originally, these were going to be manufactured and
assembled last but instead were manufactured first based on having the inner and outer
enclosures be redesigned due to lack of knowledge of the manufacturing equipment. The
original design for the inner and outer enclosure had to be redesigned since it was not possible
to manufacture when bending the sections. The design also showed to be much larger than the
CNC plasma cutter bed and would need another method of manufacturing as well. After the
redesign, the inner enclosure was made first then the outer enclosure. The outer enclosure was
slightly larger than the CNC plasma cutter cutting range and was cut using a handheld plasma
cutter. This method gave less accurate edges but was more convenient than other methods
such as snips or a stomp cutter.
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4. TESTING
a. Introduction
Two tests need to happen to confirm the predictions made in the analysis such as the
temperature of the outside and the leakage of argon in the system. To measure the
temperature of the outside surface a thermometer will be used. To measure the amount of
time to fill the inner enclosure with a candle and a stopwatch. These tests are used to meet all
safety requirements of the system such as surface temperature so that someone does not get
burned when touching the enclosure and making sure someone does not inhale high doses of
argon where both can lead to severe injury. To measure the success of the JCATI device the
percentage of resin removal will be measured through weighing.

b. Method/Approach
The testing environment will be in room 127 in Hogue where the rest of the JCATI system is and
the room temperature is at 20C. This location has an argon tank so that the oven can be
supplied with argon and a fume hood so that if there are any major leakages the argon will be
directed toward the fume hood and away from those in the room.
These tests are used to meet all safety requirements of the system such as surface temperature
so that someone does not get burned when touching the enclosure and making sure someone
does not inhale high doses of argon. To measure the success of the JCATI device the percentage
of resin removal will be measured through weighing.
The test to measure the amount of time to fill the enclosure with argon had to be changed from
using an oxygen meter to a candle. The reason for this change was because an oxygen meter
was not already possessed by the university and purchasing a new one would have exceeded
the budget. To combat this a cost-effective test was made using a candle and a block. This new
test would not be as accurate as an oxygen meter but will still indicate when the enclosure has
a lack of oxygen since a candle needs oxygen to burn.

c. Test Process
To figure out when the enclosure has been filled with argon a candle will be used to detect the
lack of oxygen in the system since fire needs oxygen in order to burn. The candle is set to be as
close to the top of the enclosure and towards to back right since the argon is flowing from the
front left. Calculated results show that it will take 13 minutes for the enclosure to be full. A
timer will be used to time when 10scft of argon starts entering the system and will be stopped
when the candle blows out.
The thermometer will be used to measure the surface of the enclosure. The surface of the
enclosure should read less than 45C as per requirements and within the range of 49C as per
analysis 1. Another Engineer will be testing the inside of the oven temperature as it should read
500C with a range of +/- 50C. Testing of the temperatures will be done 15 minutes after the
oven has been turned on so that it can heat up to a steady-state.
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A scale will be used to measure the mass of the carbon fiber threads before and after it is in the
oven. This change of mass will indicate the removal of resin from the carbon fiber shreds. To
meet the requirements of 99% resin removal analysis 3 states that the mass flow rate should be
217.9 kg/s. This is done when someone inserts and removes the carbon shreds from the
enclosure and the weighing process can be done.

d. Deliverables
The surface temperatures and the flow of argon exiting weight of the carbon fiber will be
recorded on a green sheet and imported onto an excel sheet. Pictures will be taken of data
collections if any adjustments are made to the enclosure, and for documentation for the final
report and website.
For measuring the time to fill the inner enclosure with argon, the predicted result was 13
minutes as per analysis 5 in Appendix A-5. The actual time to fill the inner enclosure was an
average of 28 minutes. This shows that there were major leaks in the system as a whole and
repairs needed to be made in order to get predicted results. After inspection, there were holes
all along with the corners of the inner enclosure, to fix this issue a high-temperature seal
needed to be purchased. After research, an Extreme JB Weld paste was purchased as it could
withstand temperatures up to 530 C. This paste was placed along with all the corners and was
left to dry for 24 hours to cure. A second test was made, and the results showed that the
average time to fill the enclosure was 6 minutes. The reason the actual time was shorter than
the predicted time was because the candle was placed 3 inches from the top of the enclosure
thus taking less time to “fill” the enclosure. Another reason is that the actual volume of the
enclosure is different from the volume that was used in the predicted value.
For measuring the surface temperature, the predicted result was to be 49C as per analysis 1 in
Appendix A-1. The actual temperature showed that the top of the enclosure measured an
average of 52C, the sides at 48 C, the back being 51C, and the front panel being 47C. This shows
that the enclosure performed close to calculated results and that the location of the heating
carriages contributed to the change in temperature at various locations. Some of the difficulties
with this test were having the oven fully operational and getting it to heat up to 500C. The main
issue is that it took 1-2 hours to heat up from room temperature compared to the initial design
of 15 minutes. Since the time to heat the oven could not change schedules were changed so
that testing can run for 3 hours straight to make sure that the oven did not go unsupervised.
For measuring the percentage of resin removed, the predicted results showed that using the
mass flow rate calculated in analysis 9 in Appendix A-9 it would take 30 minutes to remove 99%
of resin from 10 grams of carbon fiber shreds. When the carbon fiber shreds were reweighed
after being in the oven for 30 minutes at 500C it only showed a 20% removal of resin. This
shows that there was an error when calculating the percentage of resin removal. This is
because values were used from last year's project but were not proven to be accurate. In order
to remove 99% of the resin, the carbon fiber shreds had to be in the oven for over an hour at
500C or be at a higher temperature to remove the resin at 30 minutes.
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5. BUDGET
a. Parts
A large cost of the project comes from buying the steel for the enclosure as shown in Appendix
C. This steel is a 20-gauge steel sheet with a thickness of 0.036 which is different from the
material in Analysis 1 and 6 but since the thickness of steel has a negligible effect on the change
of temperature this difference will not affect the estimated surface temperature. The steel
sheets will be sourced from Ryerson and are estimated to cost around $432 for two 48”x96”
steel sheets with tax and shipping. The next highest cost comes from buying the mineral wool
or the insulator needed for the enclosure, this will do all the heat conduction. From Grainger,
the mineral wool will cost $111 for 4 sheets of 48” x 24” x 2” with shipping and tax. A full
detailed budget with the above materials and other parts is shown in Appendix C.
During the Spring quarter, it was noted it would be easier to do maintenance on the oven if
there was a door on the outer enclosure leading to the inner enclosure. To do this hinges and
latches needed to be purchased as shown in Appendix C. With testing it was also noted that
parts needed to be purchased since they were not provided by the University such as tea light
candles also shown in Appendix C. These unforeseen expenses could have been avoided if the
initial design of the oven enclosure included how testing could be done and the overall
operation and maintenance of the oven.

b. Outsourcing
The only outsourcing that will be done is using a CNC at the CWU Machine shop. The cost for
this outsourcing will be $100, this is shown in Appendix D.

c. Labor
Total labor as shown in the Gantt chart in Appendix E shows a total amount of part
construction, device construction, analysis, drawing, reporting, and testing to be 300 hours.
Using the minimum wage for Washington State of $13.69 the total amount of labor cost will be
$4188 as shown in Appendix D.

d. Estimated Total Project Cost
Some major sub-costs come from labor, which is $4188, the purchasing of parts, and
outsourcing. Taxes have not been calculated yet but are expected to be another major sub-cost.
These prices are listed in Appendix D.

e. Funding Source
The cost of this project is funded by a $5000 grant from JCATI and sponsored by Boeing.
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6. Schedule
a. Design
The fall schedule is in Appendix E, fall quarter covers the Proposal/Report Writing, Analysis, and
Documentation task headings. One of the scheduling issues that came up is the amount of
actual time spent on analysis compared to what has been estimated. This issue primarily comes
from calculation errors that were first listed in the previous analysis as well as new
requirements that come from other team members. To get back on schedule the Gantt chart
will be able to guide prioritizing certain tasks.

b. Construction
The tasks are listed in the Fall quarter leading up to the construction of the device in the Winter
quarter. This includes building the inner, outer, and middle enclosures. One of the issues that
came up this quarter was scheduling issues. Parts were not able to be ordered until the second
week of the quarter and shipping had all the parts arrive but the start of week 5. This led to
having to wait longer than scheduled to start manufacturing, this is shown in section 4 of the
Gantt chart. Another issue was having to redesign parts for the inner and outer enclosure to
include flaps so that spot welding can be done efficiently making u-shape sections instead of
one large section so that the parts can be properly bent (3m and 3n on Gannt chart). This led to
having to push back the start of manufacturing for those two assemblies and start on the
middle enclosure first. After redesigning the inner enclosure was manufactured first so that
another engineer could insert the heating elements into the system. The manufacturing of both
the inner and outer enclosure was delayed as shown in section 4 in the Gantt chart. A total of
34 hours in construction and assembly and 20 hours in documentation and proposal writing
were made in the winter quarter.

c. Testing
The tasks listed in the Spring quarter include conducting three tests: the surface temperature of
the outer enclosure, the time to fill the oven with argon, and the amount of resin removed
from the carbon fiber shreds. One of the issues that came up this quarter was scheduling and
design issues. The first scheduled testing was going to be measuring the temperature of the
surface of the enclosure since all measuring devices had arrived and were available. This test
had to be moved back since the oven's heating elements were having issues and fuses needed
to be purchased. While waiting for parts the only other test that could be done was to time
how long it would take to fill the oven with argon. The original test required an oxygen meter
but since the tool was expensive and was not found on campus the test had to be redesigned.
The new design used candles to measure when there was a lack of oxygen in the system thus
showing when the oven is full of argon. After running the three trials of the test it showed that
it took three times what the calculated values were thus showing there were significant leaks in
the system. This test had to be redone after modifications to the system and the results
mimicked the calculated values. Testing of the heating elements was to be done but it showed
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that the outer enclosure was leaking too much heat and that there was a hot spot right above
the thermocouple. Modifications to the system had to be made before testing could be done
again. Latches and new insulation were added to the system to help improve these issues.
Overall, most of the testing had to be pushed back due to unforeseen issues and thus being put
behind on the Gantt chart. Most hours were spent on the construction of the device (section 4)
and only 12 hours were spent on Device Evaluation (section 6) and 13 hours on Deliverables
(section 7).
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7. Project Management
The risk that comes from completing this project can be broken down into four categories:
human resources, physical resources, soft resources, and financial resources. In order to
describe, manage, identify, and control risk it must be under the domain of project
management. Risks that can be identified are those that are known to happen and are
discussed more in the following sections as well as safety risks since this project focuses on the
environmental aspects of an oven. Risks can lead to adding time to a project and can make it
complete have the project does not work/meet all requirements. Risks are to be handled
promptly and efficiently, if not, they can lead to a bigger risk in the future. The way risks will be
controlled is through the help of a Gantt chart to keep track of all progress and to make sure
the project is running smoothly and on time. This project will be successful due to the
availability of resources and expertise.

a. Human Resources
The principal engineer will provide expertise in thermodynamics practices and their resume is
shown in Appendix H. Some other human resources that will be used are the entire team of the
JCATI project which includes Matthew, Sean, Aaron, and Parker. One of the risks that can
happen in this group is that people will be on different tracks of completion. Some depend on
others completing certain parts of their project so that they can complete certain tasks of their
project. This can lead to some people falling behind schedule since not everyone will have the
same amount of time and access to room 127 to complete their tasks.

b. Physical Resources
Some of the risks are lack of knowledge of the equipment, access to the equipment, and the
availability of the equipment. This risk can delay the project and could put the project in a
tough position to be completed on time. The risk will be handled with efficiency and will be
trouble shooted with the best outcome.

c. Soft Resources
The software that will be used for this project is MS Word & Excel, and WIX. Some of the risks
when using this software are that data can be lost when it is not saved, any website/software
crashes, and or updates that require extra time to complete a task. These risks add time to
complete a task, but it will be handled by being completed early and using old, saved files that
are on OneDrive or a flash drive.

d. Financial Resources
The project is sponsored by Boeing and funded by JACTI (Joint Center for Aerospace Technology
Innovation); they will provide financial support of $5,000. Project equipment will be provided
by the university’s resources. If the project goes over budget, then team members will be
responsible for providing personal financial support to cover all excess costs. In order to avoid
this, all team members will fill out a joint budget in order to figure out the estimated total cost
of the entire project.
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8. DISCUSSION
a. Design
Analysis 1 changed a lot throughout the quarter. It started with a single sheet of steel, after
miscalculations a new design was made with ½ inch steel plates that had an inner and outer
section with air as the insulator. To reduce the cost of the enclosure the steel plates were
reduced to ¼ inch, and the insulator was changed to 1-inch mineral wool with an r-value of 4.
This still showed a high cost for steel, so the steel was finally reduced to 1/8 inch and the
insulator was changed to 2-inch-thick mineral wool with an r-value of 8. Based on the resources
that CWU has it was determined that the steel should be switched to a 20-gauge steel sheet of
0.036 thickness. This would require that the inner and outer shells be designed as one part and
be cut and bent into the desired shape. These constant redesigns showed a lot of failures with
having to redo more than one analysis each week having to redesign parts and keeping all
teammates in the loop that requires the size of the enclosure for their analysis/construction.
Another challenge that occurred is deciding on a manufacturing process to assemble the
enclosure. At first, welding was a great option due to it being the most accurate, but it got
changed to using corner brackets training in the welding room has not been met. During the
selection of corner brackets and bolts, most of them have a zinc coating that starts to peel after
200c and after constant heating, it can also fracture the fumes that get produced and can be
harmful. Stainless steel brackets were found but not in the correct sizing but are able to
withstand the heating that will be done. It was determined that after the redesign to sheet
metal then it will be manufactured using a CNC plasma cutter to cut out the holes and shapes,
then it will be bent into place, then it will be spot welded together with the guidance of a
professor.
Some of the project risks include the lack of knowledge of manufacturing the enclosure. It was
determined that welding would not be a suitable option because the engineer has not received
any training as well as the other engineers in the JCATI project. For the CNC plasma cutter,
other members of the JCATI project have received training on those devices and it was
determined that they will help guide and manufacture the steel plates. Since the change of
manufacturing spot welding will be used with the guidance of a professor despite the engineer
not having any experience. This still allows for some risks to occur since miscommunication can
occur or time conflicts between the engineers or the availability of the CNC plasma cutter and
the spot-welding machine.
At the start of the winter quarter, the design was recently changed to use a 20-gauge steel
sheet, and using the resources on the internet a design was made in the SolidWorks sheet
metal tab. Due to the lack of knowledge in sheet metal work the design included no flaps so
that welding can be done and too many bends were added to the point when using the bending
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matching to bend the sides of the enclosure it would hit the machine prior to getting a 90degree bend. Thus, seven weeks in the winter quarter were dedicated to redesigning the inner
and outer enclosures and changing the trajectory of the manufacturing plan. The redesign of
the enclosures uses two U-shaped sections that lay on top of each other and were made sure
that it could be manufactured as intended in the CWU foundry.

b. Construction
Progress had been delayed for manufacturing for the first two weeks of the quarter. This was
due to having that parts list approved and then ordered in order for the JCATI funds to be used.
The first part to come in was the insulation, the insulation was measured and cut using a
serenaded knife, enough was ordered so that extra can fit in the 1-inch gap that was designed
or to cut out extra pieces. The gap was designed so that more insulation can be added to adjust
to the outside temperature to be in a safe zone to touch. The next part to come in was the heat
resistant pad, this part was measured, marked, and cut with scissors. This part also came with
magnets so that the pad can attach to the steel enclosure with ease. The magnets were cut into
2-inch strips and three were hot glued to each strip. The final part is to arrive what the steel 20gauge sheet metal that will be used to make the inner and outer enclosure (20-001, 002, 003,
and 004). One of the construction issues is the size of the sheet metal is larger than the plasma
cutter and the sheet metal will have to be sheared off to an appropriate size. Even after
shearing the metal only the inner enclosure could fix the plasma cutter and thus those parts
were cut using it. Since the outer enclosure is larger the handheld plasma cutter was used to
cut out the pieces and the edges were then sanded down to relieve any sharp edges. Both
methods will give less accurate dimensions but will be able to provide easy manufacturing and
produce an accurate piece according to the drawing and analysis.

c. Testing
For conducting the testing for the surface temperature of the oven enclosure the first issue that
ran into was that the oven would not heat up. This issue was shown to be greater than a simple
fix as a relay was broken and a new fuse needed to be ordered. This test was then pushed back
and replaced with how long it would take to fill the inner enclosure with argon. When the first
trial was running it showed that too much human interface would skew how fast the candle will
go off. The new setup had a camera inside of the oven being recorded and sent to the laptop
for live feedback and made sure no interference could happen. This test showed that it took an
average of 36 minutes to fill the enclosure which was 3 times as predicted. This means that
there were too many leaks and modifications to both the inner and outer enclosures must be
made to decrease the amount of leakage. An Extreme Heat JB Weld was purchased as a filler
since it was able to withstand temperatures up to 500C. After modifications were made the
time to fill the enclosure with argon test was redone and results showed that it took 6 minutes
to fill the enclosure.
Modifications were made to the oven made by engineer Sean to help make the oven heat up.
This engineer made a test to determine the time it would take to heat the oven to 500C and
when reaching 210 C Sean found that there was a hot spot located above the thermocouple
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that read 49C meanwhile the rest of the enclosure read room temperature. It was determined
that since the insulation was ripped it allowed a gap to create causing heat to move to that
location. New pieces of insulation were created to replace the side and top walls. After
assembly, a new heating test was started by Sean, and it showed that the oven was able to heat
up to 500C. Thus, the surface temperature test was able to begin. When testing it showed that
the tops read an average of 75C and the bottoms read an average of 61C. These results are a lot
higher than expected but were still safe enough to complete the resin removal test. The reason
for the difference between the top and the bottom is because heat rises and when calculating a
surface temperature it was based on even heating. When testing was complete there were
gaps between the insulation and the outer enclosure. This allowed for heat to take the path of
least resistance as air has a lower thermal resistance than the insulation that was picked and
thus made the sheet metal heat up to a higher temperature than needed. To fix this insulation
can be added in between these gaps to limit the amount of heat escaping.
Once the surface temperature test was conducted the percentage of resin removal was
conducted shortly after. This is because the engineer Sean did not believe that that oven would
be able to heat up to 500C again. This test showed that at 500C for 30 minutes only 20% of
resin was removed instead of the 99% that was calculated. This shows that there was an error
in the analysis process. This is because values were used from last year's project and the values
that were used were not proven to be accurate. In order to reach 99% resin removal, the
carbon fiber shreds need to be in the oven for at least 2 hours at 500C or need to be at a higher
temperature to remove the resin in 30 minutes.
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9. CONCLUSION
Parts have been budgeted and are under the allotted $5,000 budget for the whole JCATI
project. With all the project is JCATI: Environmental aspects of the oven. The function of the
enclosure must contain the heating and pyrolysis unit. The current design is to have the
enclosure made from a 20-gauge Steel sheet that is 0.036 inches thick with an inner and outer
shell and in the middle, there is a high-temperature mineral wool insulator that will help do
most of the temperature change. This design will keep the inside at a steady temperature of
500 C while making the surface temperature 45 C. This is shown in analysis 1 and is one of the
major analyses that contribute to creating the drawing for the enclosure. Analysis 1 also
contributes to analysis 6 where it indicates the temperature at various locations. Another
important analysis is analysis 9 which solves the pressure of argon that will be regulated into
the enclosure. This analysis is the founding analysis for analysis 4 (time to fill enclosure), 10
(time to remove argon), 7(purging of argon from conveyor hole), and 8 (purging of argon with
conveyor hole). This device meets the requirements of having engineering merit in the analysis
such as heat transfer and fluid dynamics and having the resources to manufacture the
enclosure such as using the CNC machine at the CWU campus. This design meets all design
parameters such as the purging of argon not exceeding 10 scfh, and all drawings are updated
and sized so that all pieces fit with each other and there are places to mount the corner
brackets to assemble the enclosure. All parts needed for the enclosure such as manufactured
and bought parts of this information, the device has been manufactured, assembled, and is
ready to start testing.
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APPENDIX A - Analysis
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Appendix A-2 – Analysis02
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Appendix A-12 -Analysis12

Figure 12
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APPENDIX B - Drawings
Appendix Bi – Drawing Tree
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Figure 13 Drawing Tree of the JCATI Project: Oven Enclosure
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Appendix Bii – Top Assembly

Figure 14: Top Assembly of all Parts for JCATI System
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Appendix Biii-Assembly

Figure 15: Full Assembly of the Oven Enclosure
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Appendix Biv- Sub Assembly Drawing

Figure 16: The Inner enclosure assembly
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Appendix Bv- Sub Assembly Drawing

Figure 17: Assembly Drawing of the Outer Enclosure
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Appendix Bvi- Sub Assembly Drawing

Figure 18: Assembly of the Middle Enclosure
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Appendix B1 – Drawing 01

Figure 19: Drawing of the Inner Enclosure
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Appendix B2 – Drawing 02

Figure 20: Drawing of the Inner Enclosure
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Appendix B3 – Drawing 03

Figure 21: Drawing of the Outer Enclosure
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Appendix B4 – Drawing 04

Figure 22: Drawign of the Outer Enclosre
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Appendix B5 – Drawing 05

Figure 23: Drawing of the Insulation Side
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Appendix B6 – Drawing 06

Figure 24: Drawing of the top of the Insulation
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Appendix B7 – Drawing 07

Figure 25: Drawing of the Front and the Back of the Insulation

Appendix B8 – Drawing 08
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Figure 26: Drawing of the Bottom of the Insulation
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Appendix B9 – Drawing 09

Figure 27: Drawing of the Enclosure Flaps
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APPENDIX C – Parts List and Costs
Table C2. Parts List

Part
Number

Qty

Part Description

Source

Cost

Disposition

20-001
20-002
20-003
20-004
20-005
20-006
20-007
20-008

2

20 Gauge sheet metal
(0.036 in thick)

Ryerson
(48x96)

$432

Arrived

4

ROXUL 2in x 48in x 24in
Mineral Wool HighTemperature Insulation
Density 8#, Green
R value: 8 temperature
range: 0 F – 1200F

Grainger

$111

Arrived

20-009

1

18” x 18” Heat resistant Pad
(1800 F)

McMaster- $35
Carr

Arrived

10-001

1

hinges

Ace
Hardware

$17

Arrived

10-002

2

latches

Ace
Hardware

$17

Arrived

10-003

1

Tea light candles

Dollar
Store

$2

Arrived

Cost total:

$614

7

Item
#19NE76
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APPENDIX D – Budget
Table D1. Project Budget.

Item
Parts

Qty
7

Description
Used to assemble the enclosure

Cost
$614

Labor

300

Minimum wage: $13.69 and a total of 300 $4,107
hours of work (from Gantt Chart)

Outsourcing: CNC CWU
Machine Shop

1

From: CNC- CWU Machine Shop
Will be used to cut out holes for the fume
hood, argon going in, and conveyer belt.

$100
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APPENDIX E – Schedule
Table E1: Gantt Chart
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APPENDIX F – Expertise and Resources

Appendix F- 1
Table F1. Decision Matrix of Cutting
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Appendix F- 2
Table F-2: Decision Matrix for Assembly
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Appendix F- 3
Table F3. Decision Matrix of Selecting Insulation Material
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APPENDIX G – Testing Report
Appendix G1 (Surface Temperature Test)
Introduction
Requirements include having the oven temperature read 500C steadily. Due to Analysis 1 in
Appendix A-1 the surface temperature should read 49 C. Data will be collected using excel to be
able to calculate averages in real-time. The time to complete this test is shown as 6g on the
Gantt chart in Appendix E.
Method/Approach
A thermocouple was used to measure the surface temperature of all corners of each side panel.
Once the oven reaches 500C the surface temperature test can be made. The thermocouple
touches each corner, and a value is read once a value steady out that temperature is recorded
for the area. Some of the constraints included having a variance in the thermocouple and areas
of both the inner and outer enclosure is not fully sealed by the insulation. Data will be collected
using excel and the data will be presented as a table.
Test Procedure
This procedure documents the process of recording, recording temperatures, and processing
the results. The oven enclosure was designed by the engineer for the JCATI project for the
Mechanical Engineering Technology Senior Project, course MET 489 located in Hogue room
127. The oven enclosure is to withstand hot temperatures while emitting low temperatures.
The following is the test information for that procedure.
Time: The test was conducted on 5/20/22 from 8:00 am to 10:00 pm in Hogue 127. There was
an hour of collecting equipment, setting it up prior to the test, as well as letting the oven heat
up. After the test, there was an hour to retrieve data, shut down/let the oven cool, and return
equipment.
Place: Room 127, Hogue Hall, Central Washington University campus in Ellensburg, WA.
Required equipment includes:
•
•
•
•

Table
FLUKE 52 Thermometer
Oven Mits
Ice cup
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Risk: This test cannot be conducted without electrical power. All equipment must be collected
ahead of time. The risk of successful completion of the test would be a power outage in the
building and equipment/assembly burning. Safety glasses and oven mitts were required at all
times while conducting the test. Additional personnel was required to turn on the oven and to
observe.
The test procedure is as follows:
1. Collet equipment:
2. Go to room 127
3. Place all equipment on a nearby table
4. Place conveyor cover
5. Turn on the fume hood
a. The buttons are yellow and are located near the front entrance next to the light
switch
b. Once clicked the buttons will light on to indicate that they are on
6. Inset the end of the hose of the tank into the top hole of the outer enclosure

7. Place the conveyor covers on both ends of the outer enclosure
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8. At the tank twist knob to open the tank

a. Use the small golden knob and twist till the steel ball is at 10scft
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9. Wait for 13 minutes for the oven to fill with carbon fiber
10. Once the oven is filled with carbon fiber close the valve and remove the hose from the
top of the enclosure and place a cover over the hole
11.
12. Have the engineer on the oven conveyance turn on the oven
a. Steps to turn on the oven are in the project proposal of that engineer
13. Let the oven heat up to 500C
a. Wait two hours to heat up
14. Turn on the FLUKE 52 Thermometer by pressing the green on/off button
a. To change from Fahrenheit to Celsius press F/C right below the on/off button
b. Insert the thermocouple into channel one (T1) it is a wire with a yellow end.
c. To be on channel one to see the temperature reading press T1 next to the on/off
button
d. Using the thermocouple place the end in the ice cup that was gathered in the
beginning and read the temperature
i. The reading should be 0c any other reading will show the tolerance/error
of the device
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15. Once the inner temperature reads 500C (reading from the oven controller), use the
thermocouple to read the outside surface temperature
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a. On each side of the outside surface, front, left side, right side, and back, take
measurements of the top-right corner, top-left corner, bottom-right corner,
bottom-left corner, and center of each side.
b. To take a measurement using an oven mitt hold the thermocouple leaving 2in on
the end and have the end touch the surface
i. Hold it steady and wait till the temperature reads a steady number
ii. Based on calculations in A-1 the temperature should read 49c
1. If readings are 10c above the calculated results redo the reading
and use another thermocouple to double-check the results
16. Compare the average temperature of each side of the surface and the total average
temperature of the entire outside enclosure and determine the findings.
Deliverables
Calculations showed that when the oven was at 500c that the surface of the enclosure would
be 49C. When tested it showed that the top of the oven had the highest temperature at about
75 C meanwhile the bottom averaged 61 C. This is because heat rises and that is why the top
was hotter than the bottom. The reason why both of those measurements were still above the
calculated results was that when inspected there were gaps between the insulation and the
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enclosure. As the heat was able to escape the oven it took the path of least resistance and let
the surface heat up more than what was intended.

Appendix G1.1 – Procedure Checklist
•

Collect equipment:
o Thermocouple
o Ice
o Cup
o Oven mitts

•
•
•
•
•
•

Turn on fume hoods
Put on conveyor covers
Make sure 10 scfh is being always put into the system
Turn on oven
Wait till 500C
Measure each side

Appendix G1.2 – Data Forms

Appendix G1.3 – Raw Data
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Appendix G1.4 – Evaluation Sheet

Appendix G1.5 – Schedule (Testing)
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5/20
Set up
testing
reports

8am 9am 10am 11am 12pm 1pm

x

x

5/21

5/22

5/23

5/24

X
x

x
x
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Appendix G2 (Time to Fill Oven with argon)
Introduction
Requirements always include inputting 10scft of argon into the system and the parameter of
interest is the time to fill the enclosure with argon. Due to Analysis 5 in Appendix A-5 it should
take 13 minutes to fill the inner enclosure with argon. Data will be collected using excel to be
able to calculate averages in real-time. The time to complete this test is shown as 6g on the
Gantt chart in Appendix E.
Method/Approach
Materials such as tealight candles need to be purchased and cost $1.25 for six candles, enough
for six trials. A candle is used to measure the lack of oxygen in the system since it needs oxygen
in order to burn. Once the candle blows out it will indicate there is no oxygen in the system and
thus the inner enclosure is filled with argon. This process does not give precise measurements
compared to an oxygen meter, but it gives accurate measurements. Some of the constraints are
not having the enclosures completely enclosed, this allows for argon to escape and skew data.
Data will be collected using excel and the data will be presented as a table.
Test Procedure
This procedure documents the process of recording, recording temperatures, and processing
the results. The oven enclosure was designed by the engineer for the JCATI project for the
Mechanical Engineering Technology Senior Project, course MET 489 located in Hogue room
127. The oven enclosure is to withstand hot temperatures while emitting low temperatures.
The following is the test information for that procedure.
Time: The test was conducted on 4/11/22 from 8:00 am to 10:00 am in Hogue 127. There was
an hour of collecting equipment, setting it up prior to the test, as well as letting the oven heat
up. After the test, there was an hour to retrieve data, shut down/let the oven cool, and return
equipment.
Place: Room 127, Hogue Hall, Central Washington University campus in Ellensburg, WA.
Required equipment includes:
•
•
•
•
•
•

Table
Lighter
3 tea light candles
A 6in block of wood
A tank of argon w/ hose
Phone tripod
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•

Stopwatch

Risk: This test cannot be conducted without electrical power. All equipment must be collected
ahead of time. The risk of successful completion of the test would be a power outage in the
building and equipment/assembly burning. Safety glasses and masks were required at all times
while conducting the test. Additional personnel was required to observe to meet the “buddy
system” required for the labs.
The test procedure is as follows:
1. Collect equipment
2. Go to room 127
3. Place all equipment on a nearby table
4. Turn on the fume hood
a. The buttons are yellow and are located near the front entrance next to the light
switch
b. Once clicked the buttons will light on to indicate that they are on
5. On the phone, open Google Meets and set a call up with a nearby laptop
a. Set the phone on the tripod and insert it into the inner enclosure
b. Set up a stopwatch on the laptop to start and stop for trials
6. Insert the wooden block into the enclosure
a. Using a lighter and light the tealight candle and set it on top of the candle
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7. Inset the end of the hose of the tank into the top hole of the outer enclosure

8. Place the conveyor covers on both ends of the outer enclosure
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9. At the tank twist knob to open the tank

a. Use the small golden knob and twist till the steel ball is at 10scft
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10. Go to the laptop and begin the timer
11. Watch the laptop screen to see what is happening inside the oven. Stop the timer once
the tea light goes out.
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Deliverables
Calculated values showed that it will take 13 minutes to fill the inner enclosure. The first test
showed that it took an average of 28 minutes to fill the enclosure. This showed that there were
major leaks in the enclosure, thus repairs needed to be made. After repairs were made new
tests were made and the average came to be 6 minutes. The reason this is smaller than the
calculated values was that the candle rests 3 inches below the top of the enclosure. When
recalculated it would take 8 minutes to fill the enclosure to that level. This shows that this was
a successful test and meets the requirements to fill the enclosure in 5 minutes.

Appendix G2.1 – Procedure Checklist
▫ Collect equipment:
o Lighter
o 3 tea light candles
o A 6 in block of wood
o A tank of argon w/ hose
o Phone tripod
o Stopwatch
▫ Turn on fume hoods
▫ Put on conveyor covers
▫ Make sure 10 scfh is being always put into the system
▫ Start the timer when argon is being put into the system

77

▫ Stop the timer when the candle goes out

Appendix G2.2 – Data Forms
Appendix G2.3 – Raw Data

Appendix G2.4 – Evaluation Sheet

Appendix G2.5 – Schedule (Testing)
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Appendix G3 (Percent of Resin Removed)
Introduction
The requirement for this test is to have the oven be at 500C and always have argon in the
system. Analysis 9 in Appendix A-9 shows that it will take 30 minutes for resin to remove
from 10 grams of carbon fiber shreds. Data will be collected using excel to be able to calculate
averages in real-time. The time to complete this test is shown as 6g on the Gantt chart in
Appendix E.
Method/Approach
A scale will be used to measure the mass of the carbon fiber shreds before and after they
are in the oven to calculate the percentage of mass reduction. Some of the constraints to
this project is not being able to see the progress of the carbon fiber shreds in the oven to
determine if they are already done or need more time in the oven. Data will be collected
using excel and calculations will be done there as well.
Test Procedure
This procedure documents the process of recording, recording temperatures, and processing
the results. The oven enclosure was designed by the engineer for the JCATI project for the
Mechanical Engineering Technology Senior Project, course MET 489 located in Hogue room
127. The oven enclosure is to withstand hot temperatures while emitting low temperatures.
The following is the test information for that procedure.
Time: The test was conducted on 5/20/22 from 8:00 am to 10:00 am in Hogue 127. There was
an hour of collecting equipment, setting it up prior to the test, as well as letting the oven heat
up. After the test, there was an hour to retrieve data, shut down/let the oven cool, and return
equipment.
Place: Room 127, Hogue Hall, Central Washington University campus in Ellensburg, WA.
Required equipment includes:
• Oven mitts
• Scale
• Argon Tank
• Tin foil
• Carbon fiber shreds
• Oven tray
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Risk: This test cannot be conducted without electrical power. All equipment must be collected
ahead of time. The risk of successful completion of the test would be a power outage in the
building and equipment/assembly burning. Safety glasses and oven mitts were required at all
times while conducting the test. Additional personnel was required to turn on the oven and to
observe.
The test procedure is as follows:
1. Collet equipment:
a. Oven mitts
b. Scale
c. Argon Tank
d. Tin foil
e. Carbon fiber shreds
f. Oven tray
2. Go to room 127
3. Place all equipment on a nearby table
4. Place conveyor cover
5. Turn on the fume hood
a. The buttons are yellow and are located near the front entrance next to the light
switch
b. Once clicked the buttons will light on to indicate that they are on
6. Inset the end of the hose of the tank into the top hole of the outer enclosure
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7. Place the conveyor covers on both ends of the outer enclosure
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8. At the tank twist knob to open the tank

a. Use the small golden knob and twist till the steel ball is at 10scft
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9. Wait for 13 minutes for the oven to fill with carbon fiber
10. Once the oven is filled with carbon fiber close the valve and remove the hose from the
top of the enclosure and place a cover over the hole
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11. Have the engineer on the oven conveyance turn on the oven
a. Steps to turn on the oven are in the project proposal of that engineer
12. Let the oven heat up to 500C
13. While the oven heats weigh a piece of tin foil
a. Tare the scale
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b. Pour carbon fiber shreds on the tin foil and reweigh
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14. When the oven reaches 500C Remove the conveyor cover
15. Using oven mitts place the tinfoil with carbon fiber shreds into the oven
16. Place the conveyor cover and start a timer for 30 minutes
17. Once the timer is over use the oven mitts remove the conveyor cover and move the tin
foil with carbon fiber shreds onto the tray
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18. Reweigh the tinfoil and carbon fiber shreds.

Deliverables
After the carbon fiber shreds were in the oven for 30 minutes they were reweighed and found
that only 20% of the resin was removed. This showed that initial calculations were incorrect and
that the shreds need to be in the oven for much longer at 500C or be in a higher temperature
oven. The reason why the calculations were off was that it used information from last year’s
data that also did not have accurate measurements of how much resin to carbon fiber there
was as well as the type of resin that is used.
Appendix G3.1 – Procedure Checklist
• Collect equipment:
o Oven mitts
o Scale
o Argon Tank
o Tin foil
o Carbon fiber shreds
o Oven tray
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•

•
•
•
•
•
•
•
•

Turn on fume hoods
Put on conveyor covers
Make sure 10 scfh is being always put into the system
Turn on oven
Wait till 500C
Weight carbon fiber chips
Insert carbon fiber chips
Wait 30 minutes
Take chips out and reweight

Appendix G3.2 – Data Forms

Appendix G3.3 – Raw Data

Appendix G3.4 – Evaluation Sheet

Appendix G3.5 – Schedule (Testing)
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APPENDIX H – Resume
Maggie Romero
Ellensburg, WA 509-840-0050 romerosunnyside@gmail.com
https://www.linkedin.com/in/margarita-romero-aa3193168/
https://romerosunnyside.wixsite.com/my-site
Objective To make any workplace of mine a friendly and easy-going environment all while maintaining the
integrity of the space.
Education
Mechanical Engineering Technologies Major
June 2022
Central Washington University, Ellensburg, WA
GPA: 3.699/4.0
Relevant Coursework
Solidworks
Mechanical Engineering Technologies
Heat Transfer
Mechanical Engineering Technologies
Instrumentation
Electrical Engineering Technologies
Leadership/Activities/Achievements
Washington Technology Student Association State Reporter
April 2016-April 2017
Washington Technology Student Association State President
April 2017-April 2018
Sunnyside Parks & Rec Committee
December 2016-June 2018
Dean’s List- 5 quarters
September 2019-Present
SME (Society of Manufacturing Engineers) Secretary
September 2021-Present
Professional Skills
Computer: HTML, CSS, Microsoft Office, Adobe Suites, Solidworks, AutoCAD, Robot C, Visual Studios,
LabView
Languages: Fluent in Spanish
Certifications: WA Flagger Certification June 2020
Related Experience
Intern, Dominion Energy, Hampton, VA
June-August 2021
• Helped evaluate and give feedback on robotics systems for an innovation event.
• Worked on an Innovation Project focusing on innovation in different companies
• Created a website to present information on the Innovation Project.
Additional Experience
Center Attendant, Multimodal Education Center, Ellensburg, WA
September 2020-Present
• Gave presentations on software, specialized in repairing equipment that was rented out to patrons
and 3D printers, made 3D print, laser-cut, 3D scanning, CNC, and poster print orders.
Road Work Maintenance, Yakima County, Yakima, WA
June-September 2020
• Flagged and specialized in setting up road signs, painted roads, tabbed roads, and completed work
orders.
Student Librarian, Allen Library UW, Seattle, WA
December 2018-June 2019
• I assisted patrons with rentals, maintained the floor, was trusted to open and close the facility by
myself, and specialized in research assistance.
Volunteer Experience
Helen House
May 2021- Present
• Help give a welcoming space for LGBTQIA2S+ kids in the community by organizing events and
maintaining the state of the house.
Washington Technology Student Association
September 2016- Present
• Helped plan and organize events, presented at workshops, judged events, scorekeeper of all events,
and was a representative for my area.
Robotics Teacher
September- June 2018
• Mentored Middle Schoolers on VEX Robotics and helped them compete.
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